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(54) Polymer-nanocrystal photo device and method tor making the same 



(57) Especially for reducing costs for photovoltaic 
cells, research is done all around the world for finding a 
solid state composition of aeating an interpenetrating 
solid-state conducting material in a nanoporous net- 
work. Such device could also be used for LED (lighit 
emitting diodes), photo sensors, optical switches and 
even optical networks. 



This invention relates to a photo device comprising 
a layer of nanometer sized particles and a conducting 
polymer In eolkl state, wherein 
the nanometer sized particles are chosen from the 
yoip of TlOg, ZnO. CdSe, CdS, ZrOg, SnOa and 
wherein tiie conducting polymer comprises PPV 
(polyparaphenylenevinylene) or a derivative thereof. 
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Description 

[0001] Especially for reducing costs for photovoltaic 
cells, research is done all arourxJ the world for finding a 
solid state composition of creating a interpenetrating 
solid-state conducting material in a nanoporous net- 
work. Such device could also be used for LED (light 
emitting diodes), photo sensors, optical switches and 
even optical networks. 

[0002] This invention intends to offer a solution to the 
problem of creating an interpenetrating solid-state con- 
ducting matierial in a nanoporous network, for the pur- 
pose of aeating stable, all-solid state photovoltaic celte. 
Thus, the instability problems associated with liquid- 
based electrolytes in nanoporous networks (1) can be 
eliminated. Prior methods have been published on the 
insertion of a polymer electrolyte into a preformed 
nanocrystalline TiOg (titanium dioxide) networii (2) but 
this metiiods have the disadvantage of t>eing based on 
an ionic conductor thus limiting the device performarx;e, 
rather than on an electronic conductor such as the one 
we desait)e hera Another prior mettKxl using conduct- 
ing polymers (PPV and derivatives) replaces the inor- 
ganic nanocrystalline network with Ceo ^ derivatives 
which act as electron-acceptors (3). However, in this 
method, the electron transport is restricted. Further. C^o 
is not a material which can be produced abundantly, and 
is ttius expensive; it is also much less stable ttian inor- 
ganic materials. The present invention offers the stabil- 
ity, electron tranporting properties, and low cost of a 
TIO2 interconnected network in combination witti the 
hole-transporting, light-at>sort>ing. stable properties of 
PPV (poly-paraphenylanevinylene). A further aspect off 
this invention is ttie ease of nrtanulacturing, namely in a 
single thermal treatment of ttie inorganic and organfo 
materials together. 

[0003] An example of this melhod according to this 
invention uses a conducting polymer, p-PPV (precursor 
PPV) and a nanocrystalline material. T1P2. A schematic 
cross^ection of ttie cell is show, in Rg. 1 . The polymer 
p-PPV was made by chemical synttiesis (4). TlOg 
nanoaystals were obtained from Degussa AG corpora- 
tion, Germany. An approximately 0.7% methanol solu- 
tion of the p-PPV was combined witti a colloid of TIO^ 
made according to reference 5 to give a mixture of 
approximately 1 :1 p-PPV and Ti02,l>y weight This mix- 
ture was spin-coated on a glass sul>strate 1 with a 
transparent conducting coating 2, In this exanple 
Sn02:F, to give a thin film 3. Ihe f Dm was heated to 320 
""C for ten hours in vacuum and an aluminum contact 4 
evaporated in such a way that there is no overiap with 
the transparent (with mettnods commonly known in the 
field), conducting coating on ttie glass on top of ttie film 
to complete the cell. 

[0004] Cun-ent-voltage (IV) curves of the cells in ttie 
dark and in white light were measured at terminals 5 
and 6 (Rg. 1) and a plot of tiiis data is shewn in Rg. 2 
which demonstrates ttiat ttie cells produce electric 



power under illumination. 

[Q005] TTie main novelty and crucial distinction of ttiis 
mettiod over ottter mettiods is ttie ttiermal treatment 
step, virtiich is necessary for both conversion of ttie p- 

5 PPV to its final conducting form, PPV; and, to produce 
electrical contact between the ri02 particles to produce 
electron-carrying paths through the film. Our mettiod is 
the first one to make operational photovoltaic cells of a 
conducting polymer, such as PPV. and a sintered elec- 

10 trically interconnected network of nanocrystalline parti- 
cles, such as TIO2. PPV has been shmn to be a good 
hole-conducting material (4) and TtOg an excellent elec- 
tron transporter (1). so ttieir combination togetiier, pre- 
pared in a single ttiermal treatment step, also 

IS represents a significant advance. 

[0006] The mettxxi is general for a range of tempera- 
tures, ottier polymers, or nanocrystals. 

Claims 

20 

1. A photo device comprising a layer of nanometer 
sized particles and a conducting polymer in solid 
state. 

2S 2. A photo device according to daim 1, wherein ttie 
nanometer sized particles are chos^ from the 
g^oup of TIO2. ZnO. CdSe, CdS. ZrOg. SnOg- 

3. A photo device according to daim 1 or 2. wherein 
30 ttie conducting polymer comprises PPV (polypara- 

phenylenevinylene) or a derivative thereof. 

4. A photo device according to claim 1 , 2 or 3, wherein 
ttie layer is a ttiin fOm of a photovoltaic cell. 

35 

5. A mettiod for produdng a photo device, according 
to daim 1 , wherein the layer is heated to a predeter- 
mined tenperature during a predetenmnied tima 

40 6. A metiiod according to claim 5. wherein the heating 
takes place at substantial underpressure or vac- 
uum. 
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Figure 1 
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Abstract 



Especially for reducing costs for photovoltaic cells, research is done all around the world for finding a solid 
state composition of creating an interpenetrating solid-state conducting material in a nanoporous network. 
Such device could also be used for LED (light emitting diodes), photo sensors, optical switches and even 
optical networks. This invention relates to a photo device comprising a layer of nanometer sized particles 
and a conducting polymer in solid state, wherein the nanometer sized particles are chosen from the group of 
Ti02, ZnO, CdSe, CdS, Zr02, Sn02 and wherein th e con ducting polymer comprises PPV 



(polyparaphenylenevinylene) or a derivative thereof. 
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Description 



[0001] Especially for reducing costs for photovoltaic cells, research is done all around the world for finding 
a solid state composition of creating a interpenetrating solid-state conducting material in a nanoporous 
network. Such device could also be used for LED (light emitting diodes), photo sensors, optical switches 
and even optical networks. 

[0002] This invention intends to offer a solution to the problem of creating an interpenetrating solid-state 
conducting material in a nanoporous network, for the purpose of creating stable, all-solid state photovoltaic 
cells. Thus, the instability problems associated with liquid-based electrolytes in nanoporous networks (1) 
can be eliminated. Prior methods have been published on the insertion of a polymer electrolyte into a 
preformed nanocrystalline Ti02 (titanium dioxide) network (2) but this methods have the disadvantage of 
being based on an ionic conductor thus limiting the device performance, rather than on an electronic 
conductor such as the one we describe here. Another prior method using conducting polymers (PPV and 
derivatives) replaces the inorganic nanocrystalline network with C60 and derivatives which act as electron- 
acceptors (3), However, in this method, the electron transport is restricted. Further, C60 is not a material 
which can be produced abundantly, and is thus expensive; it is also much less stable than inorganic 
materials. The present invention offers the stability, electron tranporting properties, and low cost of a Ti02 
interconnected network in combination with the hole-transporting, light-absorbing, stable properties of PPV 
(poly-paraphenylenevinylene). A further aspect of this invention is the ease of manufacturing, namely in a 
single thermal treatment of the Inorganic and organic materials together. 

[0003] An example of this method according to this invention uses a conducting polymer, p-PPV (precursor 
PPV) and a nanocrystalline material, Ti02. A schematic cross-section of the cell is show, in Fig, 1. The 
polymer p-PPV was made by chemical synthesis (4). Ti02 nanocrystals were obtained from Degussa AG 
corporation, Germany. An approximately 0.7% methanol solution of the p-PPV was combined with a colloid 
of Ti02 made according to reference 5 to give a mixture of approximately 1:1 p-PPV and Ti02,by weight. 
This mixture was spin-coated on a glass substrate 1 with a transparent conducting coating 2, in this 
example Sn02:F, to give a thin film 3. The film was heated to 320 DEG C for ten hours in vacuum and an 
aluminum contact 4 evaporated in such a way that there is no overlap with the transparent (with methods 
commonly known in the field), conducting coating on the glass on top of the film to complete the cell. 

[0004] Current-voltage (IV) curves of the cells in the dark and in white light were measured at terminals 5 
and 6 (Fig. 1) and a plot of this data is shown In Fig. 2 which demonstrates that the cells produce electric 
power under illumination. 

[0005] The main novelty and crucial distinction of this method over other methods is the thermal treatment 
step, which is necessary for both conversion of the p-PPV to its final conducting form, PPV; and, to 
produce electrical contact between the Ti02 particles to produce electron-carrying paths through the film. 
Our method is the first one to make operational photovoltaic cells of a conducting polymer, such as PPV, 
and a sintered electrically interconnected network of nanocrystalline particles, such as Ti02. PPV has been 
shown to be a good hole-conducting material (4) and Ti02 an excellent electron transporter (1), so their 
combination together, prepared in a single thermal treatment step, also represents a significant advance. 

[0006] The method is general for a range of temperatures, other polymers, or nanocrystals. 
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Claims 



1 . A photo device comprising a layer of nanometer sized particles and a conducting polymer in solid state. 

2. A photo device according to claim 1 , wherein the nanometer sized particles are chosen from the group of 
Ti02, ZnO, CdSe. CdS, Zr02, Sn02. 

3. A photo device according to claim 1 or 2, wherein the conducting polymer comprises PPV 
(polyparaphenylenevinylene) or a derivative thereof. 

4. A photo device according to claim 1 , 2 or 3, wherein the layer is a thin film of a photovoltaic cell, 

5. A method for producing a photo device, according to claim 1 , wherein the layer is heated to a 
predetermined temperature during a predetermined time. 

6. A method according to claim 5, wherein the heating takes place at substantial underpressure or vacuum. 
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Current-voltage data 
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